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The impacts of work zone activities can be summarized into the following types: safety
impact (on both motorists and workers), mobility impact, economic considerations, envi-
ronmental concerns, user cost as well as contractor’s maintenance cost. Various interest
subjects may focus on different aspects of the six areas identified above. In this study,
the impacts of scheduling long-term work zone activities are analyzed from the perspec-
tive of traffic agencies and jurisdictions. A bi-level genetic algorithm (GA)-based optimiza-
tion model is formulated to determine the optimal starting date of each work zone project.
The upper-level subprogram minimizes the total travel time over the entire planning hori-
zon, while the lower-level subprogram is a user equilibrium (UE) problem where all users
try to find the route that minimizes their own travel time. The demand, and the number of
work zones as well as their durations are assumed to be fixed and given a priori. The
proposed GA model is applied to the Sioux Falls network, which has 76 links and 24
origin–destination (O–D) pairs. The results of the numerical example indicate that the
proposed model can effectively identify the near-optimal solution of the long-term work
zone scheduling problem.
 2016 Tongji University and Tongji University Press. Publishing Services by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
With the increasing travel demand and an aging transportation infrastructure system, work zone planning and manage-
ment have become increasingly challenging because of the significant disruptions of the roadway construction activities
caused to normal traffic flow patterns. Many transportation agencies have devoted much attention to scheduling various
types of roadway maintenance and rehabilitation (M&R) activities, such as pothole patching, crack sealing, pavement mark-
ing, resurfacing, etc. (Weng and Meng, 2013).
Various aspects related to planning, designing and execution of road construction works need to be considered in order to
minimize the potential detrimental impact on local drivers and,meanwhile, maximize the safety levels for constructionwork-
ers. As FHWAdiscussed and synthesized in its twopublications,Developing and Implementing TransportationManagement Plans
for Work Zones andWork Zone Impact Assessment: An Approach to Assess and Manage Work Zone Safety and Mobility Impacts of
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workers), mobility impact, economic considerations, environmental concerns, user cost as well as contractor’s maintenance
cost (Jeannotte and Chandra, 2005; Sankar et al., 2006). It is noteworthy that different interest subjects may focus on distinct
aspects of the six groups identified above. In particular, contractors are more concerned with the minimization of the total
maintenance cost (Meng and Weng, 2013); from the viewpoint of road users, however, they care more about the influence
of work zones on their daily trip mobility and travel cost. As to local transportation jurisdictions and agencies, they need to
look at the big picture and find out a comprehensive solution to balance distinct aspects of transportation problems induced
by work zone activities. For example, traffic delays from all work zones are typically constrained to a certain amount, say
30 min, to control the impacts of work zone activities on travelers, local business and the environment (Dowling et al., 2004).
Among all the impacts identified above, an analysis ofmobility impact is of utmost importance. This is because, after the full
range ofmobility impacts are quantitatively assessed, all other aspects associatedwithwork zone activities, such as safety con-
ditions, economic and environmental impacts, can be determined aswell (Hardy andWunderlich, 2008a). It should be pointed
out that the denotations of mobility impact are threefold. First of all, at the link level, work zones usually lead to a reduction in
roadway capacity and traffic flow speeds on the roadway segment due to one or more travel lanes being closed (Weng and
Meng, 2013); vehicle delays on the corresponding segmentmay increase as well. Secondly, today’s travelers are able to obtain
accurate roadway information through variousmedia (e.g., variablemessage sign, radio and other advanced traveler informa-
tion systems), and then choose alternative routes to bypass the construction areas. In this case, the impact of work zone activ-
ities on a single roadway segment may propagate upstream into adjacent roadway segments, or even the entire network.
Therefore, accounting for traffic diversions at the network level is imperative and affects the decision-making procedure of
work zone schedules (Tang, 2008b). Lastly, travel demands between certain origin–destination (O–D) pairs could be affected
by road construction works as well. For instance, while implementing construction works on an already congested network,
transportation jurisdictions may encourage travelers to shift their scheduled travel plans to off-peak hour or share their trips
with other commuters to avoid further deterioration of the transportation system (Luten et al., 2004).
Traditional deterministic queuing theory (Dudek and Richard, 1982; Schonfeld and Chien, 1999; Jiang, 2001) and shock
wave theory (Wirasinghe, 1978; Newell, 1993) are capable of estimating travel delay and queue length on an individual
roadway segment where road work exists. Jiang and Adeli (2003) presented a freeway work zone traffic delay and cost opti-
mization model, in which, the optimal combination of work zone length and starting time (represented as time of day in
hours) was determined using average hourly traffic data. Meng and Weng (2013) developed an improved deterministic
queuing model to estimate work zone traffic delay, taking into account the variation of traffic speeds. However, the impacts
of work zones at the network level, such as changes in route choice behaviors and/or travel demands, are beyond the mod-
eling capabilities of traditional deterministic models. Instead, researchers employed regional traffic assignment tools – both
static and dynamic traffic assignment models – to resolve this problem. For instance, Pesti et al. (2010) deployed a dynamic
traffic assignment (DTA) tool to quantify and evaluate how traffic patterns change in response to various construction sce-
narios in the El Paso region, Texas. Although DTA models are capable of performing detailed modeling of traffic dynamics of
congestion formulation, spillovers, etc., a number of input data and parameter need to be specified prior to model develop-
ment and calibration. In contrast, static traffic assignment (STA) model typically requires less input data in terms of travel
demand and network representation. The widely recognized advantages of STA models include the ability to solve large-
scale problems, to converge to precise equilibriums and to provide consistent solutions (if a proper algorithm is used with
a sufficient number of iterations). Due to these features, they have been widely used by planning agencies and traffic man-
agement centers for decades (Chiu et al., 2011).
The main purpose of this study is to develop a macroscopic model to assist transportation agencies and jurisdictions in
analyzing the regional level impacts of long-term work zone activities and determining the optimal combination of starting
dates of several work zone projects during the scheduling decision-making stage (Hardy andWunderlich, 2008a). To achieve
this goal, a bi-level model is developed to quantitatively assess the mobility impact on the entire road network and, further,
provide insightful information for higher level analysis. The remainder of this paper is organized as follows. Section 2
describes detailed aspects related to the model formulation, including model assumptions, notations, as well as model con-
straints. Section 3 presents the genetic algorithm (GA)-based solution framework to the bi-level model, followed by a numer-
ical example in Section 4. Future research recommendations and concluding remarks are given in Section 5.
2. Methodology
2.1. Model assumptions
As stated previously, the main objective of this study is to analyze the mobility impact of work zone scheduling on the
entire network from the perspective of decision-makers. In order to clearly define the scope of the research problem, the
following assumptions are made:
(1) The topological information of the roadway network and the O–D matrix are known, the demand between each O–D
pair is fixed (i.e., a STA is considered in this study) and the demands are given in the form of standard passenger unit
cars;
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(3) Drivers are greedy and they have a perfect knowledge of the roadway network.
2.2. Mathematical notations
The network design problem can be described in terms of nodes, links, and routes. To facilitate the process of problem dis-
cussion, the following notations are adopted throughout the paper. Consider a connected network with N nodes and L links:
- l = link index, l ¼ 1;2; . . . ; L;
- i, j = node index, i; j ¼ 1;2; . . . ;N;
- M = the total number of work zones, M 6 L;
- lm = the corresponding link index of work zone m; lm is a subset of lðm ¼ 1;2; . . . ;MÞ;
- Pij = a set of paths between origin i and destination j;
- f ijp = the flow on the p-th path between origin i and destination jðp 2 PijÞ;
- Cl = the basic capacity of link l;
- Tlm = the estimated maintenance/construction duration of the m-th work zone project (on link);
- clm = the capacity reduction factor of work zone m (on link lm), 0 6 clm 6 1;
- dijlp = 1 if link l is used in path p which connecting origin i and destination j; otherwise d
ij
lp = 0;
- dij = a priori demand between origin i and destination j;
- tlðv lÞ = the travel time on link l given link volume v l, l ¼ 1;2; . . . ; L;
- Tmax = the maximum project deadline for all work zone activities;
- tlm = the project starting date of the work zone m (on link lm).
2.3. Model formulation
Obviously, the starting date of each work zone project will significantly impact network performance. In an extreme case,
if all work zone projects commence at the same time, the capacity of the entire road network could be reduced to a very low
extent; therefore, the roadway segments may become highly congested. Various combinations of the starting date of each
work zone project would lead to distinct capacity supply status of the network. Taking Fig. 1a as an example, this is a simple
network consisting of 9 nodes and 24 links. Both links 4 and 21 are the candidate roadways that need to be maintained in the
near future ðlm ¼ 4; 21Þ. Assuming that the project durations on both roadway segments are equal (i.e., T4 = T21), and the
starting date of both projects are t4 and t21 respectively, as shown in Fig. 1e, in such cases, there will be four status repre-
senting different roadway capacity combinations during the entire planning horizon [1, Tmax]:
(1) S1 is the basic state of the road network, no road segment is experiencing construction activities (i.e. all roadway seg-
ments in the network keep the basic capacity unchanged), as shown in Fig. 1.a. Note that in this case, the network state
S1 comprises two periods over the entire planning horizon – [0, t4] and ½t21 þ T21; Tmax.
(2) During state S2, only link 4 is maintained, as shown in Fig. 1.b. The capacity of link 4 reduces from C4 to c4C4
(0 6 c4 6 1) and it lasts from t4 to t21.
(3) Both links 4 and 21 are maintained during state S3, as shown in Fig. 1.c. The capacity of links 4 and 21 decreases from
C4 and C21 to c4C4 and c21C21 (0 6 c4; c21 6 1), respectively. This state covers the period from t21 to t4 þ T4.
(4) State S4 is similar to state S2, only link 21 is under construction condition, as shown in Fig. 1.d. The capacity of link 21
reduces from C21 to c21C21 and it lasts from t4 + T4 to t21 + T21.
However, in another scenario (Case 2), the two construction projects begin at the same time, i.e. t4 = t21. As a result, only
two status, S1 and S3, exist throughout the whole planning period [1, Tmax], as exhibited in Fig. 2.
More generally, if the total number of work zones isM, for each single day between ½1; Tmax, the number of links that need
to be maintained could be 0, 1, 2,  ,M; which indicates that the total amount of all possible status that the roadway network
may experience equals C0M þ C1M þ    þ CMM ¼ 2M . As M increases, the elapsed time used for finding out the optimal combina-
tion of work zone starting date increases drastically. Thus, developing an effective and accurate solution is of great impor-
tance to solve the work zone scheduling problem during the scheduling-decision stage.
In this study, a bi-level GA-based optimization framework is proposed to determine the optimal starting date of each pro-
ject. Basically, the bi-level programing formulation involves two players at different levels: the leader and the follower. The
two levels have their own decision variables and objectives, and they make an attempt to optimize their own objectives in
sequence (Fan and Gurmu, 2014). In this study, the upper-level subprogram is to minimize the total travel delay (in terms of
veh  timeunits) over the entire planning horizon, while the lower-level subprogram is a static user equilibrium UE
formulation.
The objective function of the upper-level subprogram, which minimizes the total travel delay (TTD), is expressed as
follows:
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tl1 ;tl2 ;...;tlM
X2M
s¼1
XL
l¼1
dsðtl1 ; tl2 ; . . . ; tlM Þ  ½tslðv slÞ  t0l  v sl ð1ÞSubject to1 6 tlm 6 Tmax  Tlm ðm ¼ 1;2; . . . ;MÞ ð2Þ
X2M
s¼1
dsðtl1 ; tl2 ; . . . ; tlM Þ ¼ Tmax ð3Þwhere dsðtl1 ; tl2 ; . . . ; tlM Þ = the number of days when the network is under status sðs ¼ 1;2; . . . ;2MÞ, t0l = free flow travel time
on link lðl ¼ 1;2; . . . ; LÞ, v sl = the solution for the following lower-level subprogram, which represents the deterministic UE
given fixed O–D demand:min
XL
l¼1
Z v l
0
ClðxlÞdx ð4Þ
1 2 3
4 5 6
7 8 9
1 4
139
2219
3 6
12 16
2321
8
18
2
10
11
20
5
14
15
24
7
17
1 2 3
4 5 6
7 8 9
1 4
139
2219
3 6
12 16
2321
8
18
2
10
11
20
5
14
15
24
7
17
a. Basic capacity status of the network ( ) b. Two links (4 and 21) were maintained ( ) 
S1 S3 S1
4
21
0
t4
t21
t4+T4
t21+T21
Tmax
c. Starting date scheduling (Case 2) 
Fig. 2. Various network capacity combinations (Case 2).
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XN
i;j¼1
X
p2Pij
f ijp  dijlp; l ¼ 1;2; . . . ; L ð5Þ
X
p2Pw
f ijp ¼ dij; i; j ¼ 1;2; . . . ;N ð6Þ
f ijp P 0;p 2 Pij; i; j ¼ 1;2; . . . ;N ð7Þ
where the expression ClðxlÞ in the objective function of the lower-level subprogram stands for the generalized link perfor-
mance function, which is usually expressed by the widely used Bureau of Public Roads (BPR) link performance function:t0l 1þ a v lCl
 b" #
ð8Þwhere a, b = empirical coefficients. Common values for the coefficients are a = 0.15 and b = 4. It is normally assumed that
capacity at this value of a in the preceding formula represents the level of traffic intensity whereby the travel time on
the link is 15% higher than the travel time at free flow.
3. Model solution framework
The genetic algorithm (GA), as a well-known type of adaptive heuristic algorithm, is inspired by the evolutionary ideas of
natural selection and genetics (Holland, 1975; Goldberg, 1989; Michalewicz, 1999). Genetic algorithms have been proven to
provide a robust search as well as a near-optimal solution in a reasonable amount of time. The working process of genetic
algorithms is simple to understand; it involves nothing more than copying strings or swapping partial strings. The simplicity
of the operations and the ability to find good solutions are two characteristics that make this method very suitable for solv-
ing network design problems (Fan, 2004; Fan and Machemehl, 2006). Fig. 3 presents a flow chart of the whole GA process for
the stated problem.
No
Yes
Initialization of project starting date for 
each maintenance-required link
Generation = 0, GA initial solution
Determine all possible network status 
and the duration for each state
GA objective function evaluation
Tournament selection
Crossover between solutions
Solution mutation
Maximum Generation?
Output results
Lower-level
network analysis
Generation ++
Fig. 3. Flow chart of the GA-based solution framework.
22 L. Gong, W. Fan / International Journal of Transportation Science and Technology 5 (2016) 17–274. Numerical example
4.1. Example network description
The Sioux Falls network shown in Fig. 4 was selected as a numerical example to illustrate the effectiveness of the pro-
posed methodology. This example network contains 24 travel demand zones, 76 links, and 576 O–D pairs and has been used
in many publications (Yin et al., 2015), as it is good for code debugging. Besides, Bar-Gera (2015) found the Sioux Falls user
equilibrium solution using the quadratic BPR cost functions, which could be used for cross-checking results.
In this study, road construction activities were assumed to be performed on 5 links in the Sioux Falls network (i.e.,
lm ¼ ½12;36;41;56;68), represented by red dotted lines in Fig. 4. The construction period on each link was assumed to be
Tlm ¼ ½90;180;270;360;450. They account for about 6.5 percent of all links in the Sioux Falls network. It is worth mentioning
that, even if the number of links under construction changes (e.g., M increases), the core model structure will remain invari-
ant, as shown in Eqs. (1)–(8). It is also likely that the computing time will remain unchanged even as M increases. However,
speeding up the optimization algorithms can still be potentially addressed using some techniques, such as the two-stage
hybrid GA methodology proposed by Cheu et al. (2004), Ma et al. (2004). It was further hypothesized that the capacity of
the road lm reduced by half due to work zone activities, which means clm ¼ 0:5ðlm ¼ ½12;36;41;56;68Þ. Note that these
parameter values were selected for illustration purposes, when the size of the network and the number of links to be main-
tained are fixed, the specific value of construction durations and capacity reduction factors will not affect the effectiveness of
the proposed methodology. For instance, if link 12 (lm = 12) is fully closed, the only change that needs to be made is to revise
c12 to 0.
It is well known that parameters inherent in the GA algorithms need to be carefully chosen, as they will have some effects
on the optimal solution. For example, when the chosen population size is too small, the algorithm may not be able to get
good coverage of the solution space; however, it is also true that a large population size requires longer time for the algo-
rithm to converge. Likewise, a low mutation rate could get the algorithm stuck in local minima, while a high mutation rate
could bring risks to the individuals by ‘‘jumping” over a potentially good local optimal solution. In determining the inherent
parameters of the GA algorithm, the researchers simultaneously considered the size of solution space of the numerical exam-
ple and some previous experience in selecting GA parameters (Chen and Yang, 1992; Recker and et al., 2005). In addition,
several combinations of the parameter values were tried and their performance was evaluated as well. Finally, the following
values were selected in applying the GA to the numerical experimentation: population size, 64; maximum number of gen-
eration, 200; crossover probability, 0.7; mutation probability, 0.05.
Based on the preceding assumptions, the proposed GA procedure was implemented using MATLAB software package.
Detailed results are synthesized and discussed in subsequent sections.
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4.2.1. Program validation and efficiency analysis
In this study, the Frank-Wolfe algorithm was applied to determine link volumes at equilibrium status; at the same time,
the Average Excess Cost (AEC) was selected as the convergence criterion of the static UE. The AEC is defined as the total
excess cost divided by the total regional flows:AEC ¼
PL
l¼1Clðv lÞ  v l 
PN
i¼1
PN
j¼1jijdijPN
i¼1
PN
j¼1dij
ð9Þwhere all terms are defined as previously stated except that jij represents the time spent on the fastest path between origin i
and destination j. The iteration process of the Frank-Wolfe algorithm terminates when the AEC is smaller than a predefined
threshold Tthre (0.5% in this paper).0 
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known link flows solution (Bar-Gera, 2015). The maximum, average and minimum differences between the calculated and
the best-known link volumes are 45.74 (0.30%), 11.98 (0.11%) and 0.25 (0.003%), respectively.
The elapsed times of each sub-program are also recorded during the calculation process. It should be pointed out that the
CPU used in this project is an Intel Core i7 (3.40 GHz) eight-core processor. The average elapsed time for the shortest path
and Frank Wolfe subprogram is 0.019 s and 9.8 s, respectively. Thus, it can be concluded that the proposed algorithm in this
study is able to deal with traffic assignment problems with similar network scales.
4.2.2. Results of the GA-based Bi-level model
Fig. 6 provides the average and minimum total travel delay (TTD) obtained from each generation of the GA algorithm. It is
quite obvious that, both the average and minimum TTD decreased very quickly during the first 25 generations of the GA;
after the 25th generations, the solutions gradually approach to a stable condition with a certain level of variations (which
can be explained by the mutation operations in the GA). Fig. 6 indicates that the proposed framework is able to provide
an efficient and stable solution to the multiple work zone starting date optimization problem. Since the convergence rate
of the GA is associated with the extent of dissimilarities of the chromosomes within each generation, the TTD associated with
each network status was carefully examined as well. As illustrated in Table 1, the standard deviation of the TTDs across all 32
network status accounts for 2.54 percent of the average TTD; even the maximum TTD (corresponds with the worst construc-
tion scenario) is only 4.77 percent higher than the average TTD. Therefore, one possible reason of the fast convergence of the
GA is because of fewer variations of the TTDs among all network status.
The other reason that the GA method can find the near optimal solution very quickly is because, the duration of each net-
work status is actually determined by the relative gap between of the starting dates of different construction projects, rather
than the absolute starting date of each project within the entire project planning horizon. As delineated in Fig. 7a and b,
though the starting date of each work zone area (link 4 and link 21) is different (the starting date for links 4 and 21 are
t4 and t21 in Fig. 7a, while the corresponding time in Fig. 7b are t04 and t
0
21 respectively) each network status has the same
duration due to the identical relative gaps in the two scenarios. Therefore, the magnitude of the solution space can be sig-
nificantly reduced by this property.
In addition, the GA compares the performance of a group of chromosomes within each generation, instead of focusing on
a single solution only. Such characteristic is able to speed up the process of finding out the near-optimal solution as well.
The reason why the discrepancies of the TTDs across various work zone area construction scenarios are not obvious was
also examined by the authors. Table 1 exhibited the specific combinations of work zone areas corresponding to each network
status as along with the TTD values. As shown in Table 1, if there is only one roadway segment under construction, compared
to the other 4 single roadway work zone scenarios, link 41 has the greatest impact on the network performance (status 4).
Similarly, the combinations of work zone areas [41, 56], [41, 56, 68], [36, 41, 56, 68], [12, 36, 41, 56, 68] have the biggest
impact on the TTD within each sub-category. In order to get a deep understanding of how work zone areas impact the traffic
flow over the entire network, network status 4, 26, 32 are selected for further analysis. Meanwhile, the extent of changes in
volumes (compared with the base scenario S1 in which no work zone exists) were divided into 5 categories: (1) the percent-
age of volume increased by greater than 15 percent, denoted by those crimson arrows in Fig. 8; (2) the percentage of link
volume increased by 2.5–15 percent, denoted by light red arrows; (3) the changes of volume lies between 2.5 and 2.5 per-
cent, denoted by black arrows; (4) the percentage of volume reductions exist between 15 and 2.5 percent (denoted as
light green arrows); and (5) the percentage of volume reductions is greater than 15 percent (represented by thick green
arrows).
As depicted in Fig. 8a, compared with the base scenario, when there’s only one work zone existing in link 41, none of the
roads in the network experienced an increase in volume greater than 15 percent, even though the capacity of link 41 reduced
by a half. That is because, under the third assumption in which drivers are greedy and have a perfect knowledge of the net-
work, traffic flows will shift from link 41 to adjacent links, such as links 40 and 42. In this case (S4), the TTD over the entire
network increased by only 3.94 percent, compared to S1.4200000  
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Table 1
Analysis of the TTD for each network status.
Status ID Combination of maintenance –
required roads
# of roads
maintained
TTD % change with respect to the
uninterrupted network
1 0 0 0 0 0 0 4,057,889 0
2 12 0 0 0 0 1 4,070,675 0.32
3 0 36 0 0 0 1 4,094,175 0.89
4 0 0 41 0 0 1 4,217,866 3.94
5 0 0 0 56 0 1 4,134,090 1.88
6 0 0 0 0 68 1 4,137,361 1.96
7 12 36 0 0 0 2 4,114,822 1.40
8 12 0 41 0 0 2 4,235,606 4.38
9 12 0 0 56 0 2 4,140,933 2.05
10 12 0 0 0 68 2 4,148,835 2.24
11 0 36 41 0 0 2 4,256,679 4.90
12 0 36 0 56 0 2 4,176,535 2.92
13 0 36 0 0 68 2 4,182,133 3.06
14 0 0 41 56 0 2 4,303,348 6.05
15 0 0 41 0 68 2 4,300,228 5.97
16 0 0 0 56 68 2 4,233,446 4.33
17 12 36 41 0 0 3 4,281,680 5.51
18 12 36 0 56 0 3 4,182,280 3.07
19 12 36 0 0 68 3 4,198,352 3.46
20 12 0 41 56 0 3 4,313,127 6.29
21 12 0 41 0 68 3 4,318,597 6.42
22 12 0 0 56 68 3 4,237,501 4.43
23 0 36 41 56 0 3 4,340,911 6.97
24 0 36 41 0 68 3 4,343,189 7.03
25 0 36 0 56 68 3 4,273,262 5.31
26 0 0 41 56 68 3 4,400,493 8.44
27 12 36 41 56 0 4 4,353,428 7.28
28 12 36 41 0 68 4 4,363,083 7.52
29 12 36 0 56 68 4 4,282,760 5.54
30 12 0 41 56 68 4 4,415,440 8.81
31 0 36 41 56 68 4 4,437,326 9.35
32 12 36 41 56 68 5 4,452,763 9.73
Mean 4,249,963 4.73
Std. 108,088 2.66
Max. 4,452,763 9.73
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Fig. 7. Differences between the absolute starting dates and the relative gaps of work zone projects.
L. Gong, W. Fan / International Journal of Transportation Science and Technology 5 (2016) 17–27 25In Fig. 8b, three work zone areas exist in segments 41, 56 and 68. There are only two roadway segments experiencing an
increase in traffic volume greater than 15 percent. Specifically, the increases in links 64 and 73 are 20.6 and 16.1 percent,
respectively. Compared to S1, the TTD over the entire network increased by 8.44 percent in this case (S26).
Fig. 8c exhibits the worst case in this example, all five work zones are concurrently experiencing roadway construction
works. In this scenario, there are seven roadway segments experiencing a volume increase greater than 15 percent. However,
the average TTD of the entire network increased by only 9.73 percent, compared with S1.
In short, this numerical experimental study not only illustrated that the impact of reducing of the capacity of a single
roadway segment can spread over the entire network, but also explained as to (1) why the differences between various net-
work statuses are not obvious, and (2) why the convergence rate of the GA method is fast.
1
1
8
4 5 63
2
15 19
17
18
7
12 11 10 16
9
20
23 22
14
13 24 21
3
41452
6
8
9
11
12
15
7 35 10 31
13 23 16 19
24
21
20
17
25 26 22 47 18 54
50
55
29
48
32
27
36
33
37 38
51
30
49 52
53 58
28 4334 40
44 45
57
42 71
73 76
70
72
46 67
59 61
63
68
69 65
56 60
39
74
75
66
64
62
41
1
1
8
4 5 63
2
15 19
17
18
7
12 11 10 16
9
20
23 22
14
13 24 21
3
41452
6
8
9
11
12
15
7 35 10 31
13 23 16 19
24
21
20
17
25 26 22 47 18 54
50
55
29
48
32
27
36
33
37 38
51
30
49 52
53 58
28 4334 40
44 45
57
42 71
73 76
70
72
46 67
59 61
63
69 65
60
39
74
75
66
64
62
41 56
68
a. Only 1 work zone area (Link 41) b. 3 work zone areas (Link 41, 56, 68) 
56
1
1
8
4 5 63
2
15 19
17
18
7
12 11 10 16
9
20
23 22
14
13 24 21
3
41452
6
8
9
11 15
7 35 10 31
13 23 16 19
24
21
20
17
25 26 22 47 18 54
50
55
29
48
32
2733
37 38
51
30
49 52
53 58
28 4334 40
44 45
57
42 71
73 76
70
72
46 67
59 61
63
69 65
60
39
74
75
66
64
62
41
36
68
12
ID of the roads that need to be maintained
Percentage of volume increase > 15%
Percentage of volume increase 2.5% - 15%
Percentage of volume change -2.5% - 2.5%
Percentage of volume decrease -2.5% - 15%
Percentage of volume decrease < -15%
X
Legend
c. 5 work zone areas (Link 12, 36, 41, 56, 68) 
Fig. 8. Influence of work zone area on the traffic flow assignment over the entire network.
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The impacts of the long-term work zone activities on the mobility performance of the entire network were analyzed in
this study. A bi-level model was developed to quantitatively investigate the impacts of various combinations of work zone
projects. A GA-based heuristic solution method was proposed as well. The results of the numerical example indicated that
the proposed GA-based method can be effectively used to determine the near-optimal solutions for the long-term work zone
scheduling problem while accounting for the network level impacts of work zone construction activities.
L. Gong, W. Fan / International Journal of Transportation Science and Technology 5 (2016) 17–27 27As discussed earlier, this research mainly focuses on the influence of work zone areas from the perspective of traffic agen-
cies and jurisdictions. However, from the standpoint of contractors, they may be more concerned with the impacts of work
zone schedules on the maintenance cost. Therefore, it is meaningful to build a model to maximize the benefits to both traffic
jurisdictions and contractors. Aside from that, even though the proposed method in this study can be applied to deal with
work zone scheduling problems during the planning stage, from the viewpoint of traffic management, such model is inca-
pable of describing how traffic flow evolves with time. The potential impacts of work zone activities on traffic demands can-
not be analyzed as well. It is important to note that in a previous study, Zhang observed minor reductions in commuting
traffic demand due to lane closures on I-5 in Sacramento area. It was concluded that the specific level of demand reduction
largely depends on the availability of alternative modes and the extent of public awareness (Zhang, 2011). Last but not the
least, accounting for the heterogeneity across commuters is also a meaningful research direction. In this study, we assumed
that all drivers are greedy and that they have a perfect knowledge of the roadway network. Although such assumption has
been adopted by many researchers for convenience purposes, in reality, however, it is very likely that a large part of the com-
muters may still prefer to stick to the original route. Herein, in future research, addressing the heterogeneity across drivers,
and integrating the dynamic traffic assignment (DTA) as well as incorporating the elastic UE method into the model could
improve the accuracy and practicability of the proposed methodology.
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